Introduction {#S0001}
============

Osteosarcoma (OS) is the most common primary malignancy arise from bone, with an incidence rate of 10 to 26 per million new cases worldwide each year.[@CIT0001] As a high-grade malignant tumor frequently found in children and adolescents, OS is treated by various therapeutic methods ranging from surgery alone, surgery combined with (cisplatin, methotrexate, cyclophosphamide and adriamycin, etc.) and radiation with 5-year survival rate being 60--70%.[@CIT0002] However, there were no significant improvements in the long-term survival of a group of patients who are resistant to chemotherapy, prone to local recurrence or distant metastasis.[@CIT0003] Hence, development of sensitive and novel therapeutics from natural sources is always in demand to overcome the shortfalls of current cancer therapeutics.[@CIT0004]

The whole plant of *Tripterygium wilfordii* has long been used in traditional Chinese medicine for the treatment of autoimmune disorders such as rheumatoid arthritis, systemic lupus and ankylosing spondylitis.[@CIT0005],[@CIT0006] But still *Tripterygium wilfordii* has limited clinical application due to its severe toxicity toward vital organs including liver.[@CIT0007] However, active ingredients such as triptolide and celastrol extracted from tripterygium had shown to possess anti-inflammatory and anti-tumor effects both in in vivo and in vitro.[@CIT0008],[@CIT0009] Anticancer effect of triptonide (TN), the other diterpene epoxide constituent of *Tripterygium wilfordii*, was demonstrated in pancreatic,[@CIT0010] nasopharyngeal, lung[@CIT0011] and lymphoma cancer.[@CIT0012] However, until recently, its growth inhibitory effect on osteosarcoma and its underlying molecular mechanism have not uncovered in detail.

The imbalance of anti-oxidation and pro-oxidation in tumor cell cause the elevated endogenous reactive oxygen species (ROS). The elevated ROS facilitates cell progression such as proliferation, migration and drug resistance in tumor cells.[@CIT0013] However, the ROS is a "double-edged sword", the excess content of ROS may result in growth inhibition and apoptosis.[@CIT0014]--[@CIT0016] ROS acts as crucial regulators of endoplasmic reticulum stress (ER) stress, which induces unfolded protein response (UPR) to prevent tumor cells from death.[@CIT0017] During the UPR, the chaperone proteins, such as glucose-regulated protein 78 (GRP78) that binds to three trans-membrane proteins like inositol requiring enzyme 1 (IRE1), PKR-like ER kinase (PERK) or activating transcription factor 6 (ATF 6).[@CIT0013] The sustained ER stress without protective effect of UPR eventually results in apoptosis with up-regulation of characteristically pro-apoptotic proteins including C/EBP homologous transcription factor protein (CHOP) and ER-associated caspase12.[@CIT0013] Studies had demonstrated that targeting the oxidative stress-mediated ER stress is one of the effective strategies for tumor therapy.[@CIT0018]--[@CIT0020] Yang et al[@CIT0018] found that ω-Hydroxyundec-9-enoic acid induced apoptosis through ROS-mediated endoplasmic reticulum stress in non-small cell lung cancer cells. Wu et al[@CIT0019] indicated that bicyclol exerted an anti-tumor effect via ROS-mediated ER stress in human renal cell carcinoma cells. Rajamanickam et al[@CIT0020] suggested that allylated curcumin analog CA6 inhibited proliferation of gastric cancer cells though ROS-ER stress axis. However, the effect of TN on the ROS-ER stress axis remained unclear. We aimed to identify the mechanisms underlying the inhibitory effects of TN in OS cells. We show that TN inhibited the growth of OS cells through ROS-dependent activation of the ER stress and induction of apoptosis. Importantly, our results show that TN treatment increased the phosphorylation of p38 and ERK MAPK but not JNK MAPK. The activation of p38 and ERK MAPK mediated the ER stress in OS to induce cytotoxicity. We for the first time reported the anti-tumor potential of TN along with molecular mechanism in TN-treated OS cells in vitro.

Materials and Methods {#S0002}
=====================

Cell Culture {#S0002-S2001}
------------

The human osteosarcoma cell lines MG63 and U-2OS were obtained from the Chinese Academy of Sciences Cell Bank (Shanghai, China). U-2OS cells were grown in high-glucose RPMI-1640 medium (Gibco, Grand Island, NY, USA) whereas MG63 cells were grown in high-glucose α-MEM medium, supplemented with 10% fetal bovine serum (Gibco, Grand Island, NY, USA) and antibiotic solution (100 μg/mL penicillin and 100 μg/mL streptomycin, Sigma, St. Louis, MO, USA). Both the cell lines were maintained in an incubator at 37°C with 5% CO~2~.

Chemicals and Antibodies {#S0002-S2002}
------------------------

Triptonide (purity \> 98%) was purchased from Sigma Chemicals Co. (St. Louis, MO, USA) and dissolved in dimethyl sulfoxide (DMSO) to obtain different stock concentrations and then diluted in the culture medium at various concentrations for different experiments. 3-\[4, 5-dimethylthylthia-zol-2-yl\]-2, 5 diphenyltetrazolium bromide (MTT) and N-acetyl-L-cysteine (NAC) were also obtained from Sigma Chemicals Co. (St. Louis, MO, USA). Antibodies against p38 MAPK (\#9212), Phospho-p38 MAPK (\#9215), JNK (\#9252), Phospho-JNK (\#4671), Phospho-p44/42 MAPK (Erk1/2) (\#9101), p44/42 MAPK (Erk1/2) (\#9102), β-Actin (\#3700), Cleaved Caspase-3 (\#9664), Bcl-2 (\#15,071), Bcl-xL (\#2764), PERK (\#3192), Phospho-eIF2α (\#3597), GRP78 (\#3183), CHOP (\#2895) and HRP-linked secondary antibodies Anti-rabbit IgG (\#7074) and Anti-mouse IgG (\#7076) were purchased from Cell Signaling Technology (Shanghai, China). Antibody AFF4 (ab103586) was purchased from Abcam (Shanghai, China). The study was conducted in accordance with the Basic & Clinical Pharmacology & Toxicology policy for experimental and clinical studies.[@CIT0021]

Cell Growth Assay {#S0002-S2003}
-----------------

The cell viability was measured by the 3-\[4,5-dimethylthylthiazol-2-yl\]-2,5 diphenyltetrazolium bromide (MTT) assay. Briefly, cells were seeded in 96-well plates at a density of 2×10^5^ cells/cm^2^. After the indicated treatment for 48h, 20μL MTT solution (5 mg/mL) was added to each well, cells were further incubated in CO~2~ incubator for 4h at 37°C. Afterwards, DMSO (150mL/well) was added to dissolve formazan crystals. The optical density (OD) of each well was observed at a wavelength of 490 nm using a microplate spectrophotometer (Molecular Devices, Sunnyvale, CA, USA). Cell viability was calculated according to the following formula: cell viability = (OD treatment/OD control) × 100%. The IC~50~, defined as the drug concentration at which cell growth was inhibited by 50%.

ROS Production Assay {#S0002-S2004}
--------------------

The intracellular ROS production was determined by Reactive Oxygen Species Assay Kit (Beyotime Biotechnology, Shanghai, China). Briefly, cells were seeded in a 6-well plate for 24 h after treatment with TN for the next 48h, the cells were harvested and suspended in PBS buffer. The cell suspensions were added with medium containing 2ʹ,7ʹ-dichlorodihydrofluorescein diacetate (H2DCF-DA) dye and then incubated for 30 min at 37°C. The fluorescent intensities were quantified using a flow cytometry. Cellular ROS level in the treatment group was normalized to that of the control group.

Apoptosis Assay {#S0002-S2005}
---------------

Cell apoptosis was detected by the Annexin V/Propidium iodide (PI) Apoptosis detection kit (Biyuntian, Shanghai, China) according to the manufacturer's protocol. Briefly, cells were grown in 6-well plate and then treated with indicated dosage of TN for 48h and collected. Cells were resuspended with 196μL binding buffer containing 5μL Annexin V and 10μL PI fluorescence dye and then apoptosis was detected by flow cytometry (Becton Dickinson FACS Calibur).

Western Blot Analysis {#S0002-S2006}
---------------------

Cells were collected by scraping in whole-cell lysis buffer. Lysates were mixed and incubated on ice for 10 min, and then cell debris was spun down at a speed of 10,000g for 10 min. The protein concentrations were measured by the Bradford protein assay kit (Bio-Rad, Hercules, CA). Aliquots of 40μg protein from each sample were separated by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a polyvinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA). Membranes were blocked with 10% skimmed milk for 1h and then incubated with specific primary antibody (1:1000) overnight at 4°C, followed by incubation with corresponding secondary antibody (HRP-conjugated anti-rabbit or anti-mouse IgG at 1:3000) for 30 min to 1 h at room temperature. Antibody binding was visualized by enhanced chemiluminescence (ECL) detection system (Amersham Biosciences, Piscataway, NJ). The intensity of interested band was quantified using Image J software, and the value was normalized to corresponding loading controls.

siRNA Transfection {#S0002-S2007}
------------------

Briefly, MG63 cells were seeded in a six well plate at a density of 2×10^5^ for 24h. Then, cells were transfected with siRNA against CHOP (Santa Cruz Biotechnology, Inc, sc-156,118), p38 (Santa Cruz Biotechnology, Inc, sc-29,433), ERK (RiboBio, siB0961281826-1-5) and non-targeting negative control siRNA (nc-siRNA) duplex, following the manufacturer's protocol. After overnight post-transfection, culture medium was replaced with fresh medium for an additional 24h. Then, cells were treated with TN and the expression of targeted protein was tested by Western blot.

Statistical Analysis {#S0002-S2008}
--------------------

Results were expressed as the mean ± standard deviation (SD). Comparisons between two groups were performed using the Student's *t*-test and between multiple groups using LSD-t analysis of variance. The difference was considered statistically significant if *P*\<0.05. All analyses were performed using SPSS 23.0 software.

Results {#S0003}
=======

TN Suppressed Growth in Osteosarcoma Cells {#S0003-S2001}
------------------------------------------

To investigate the cytotoxicity of TN against osteosarcoma, MTT assay was carried out in MG63 and U-2OS cells that were incubated with 5, 10, 25, 50, 100, 250 and 1000 nM TN for 48h. We found that TN inhibited proliferation of MG63 and U-2OS cells in a dose-dependent manner. The IC~50~ for MG63 and U-2OS was 108.6 and 97.2, respectively ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}).Figure 1TN inhibits osteosarcoma cell growth. (**A** and **B**) Effect of TN on the viability of human osteosarcoma cells (MG63 and U-2OS cells). Cells were treated with various concentrations of TN for 48h and viability was measured by MTT assay. The inhibition rate and IC~50~ values are presented. The statistical difference \**P*\<0.05 compared to the control group.

TN Induced Apoptosis in Osteosarcoma Cells {#S0003-S2002}
------------------------------------------

To further characterize the mode of cytotoxicity induced by TN, we performed fluorescence cytochemical studies using flow cytometer. As shown in [Figure 2](#F0002){ref-type="fig"} TN treatment (10, 50, 100, and 250 nM) induce apoptosis in a dose-dependent manner in MG63 ([Figure 2A](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}) and U-2OS ([Figure 2B](#F0002){ref-type="fig"} and D) as evidenced by the significantly increased population of early and late apoptotic cells. These results suggest that the growth inhibitory potential of TN could be induction of apoptotic cell death.Figure 2TN induces dose-dependent apoptosis in osteosarcoma cells. (**A** and **B**) The human osteosarcoma cells (MG63 and U-2OS cells) were treated with various doses of TN 10, 25, 50 and 100 nM for 48h. (**A** and **B**) Flow cytometric analysis shows early and late apoptosis induced by TN in osteosarcoma cells (MG63 and U-2OS cells). (**C** and **D**) Histogram data indicate the percentage of apoptotic cells from three independent experiments. The statistical difference \**P*\<0.05 compared with control group.

TN Induced an Increase of ROS Production in Osteosarcoma Cells {#S0003-S2003}
--------------------------------------------------------------

Next, we examined whether the pro-apoptotic effect of TN on osteosarcoma cells involved increasing ROS levels, as it does in other cancer type.[@CIT0022] Interestingly, after treated with 10, 25, 50 and 100 nM for 48h, the ROS production increased significantly, and was reversed by 500μM NAC pretreatment both in MG63 and U-2OS ([Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"}). To further confirm whether ROS production resulted in cells apoptosis, Western blot analysis was carried to investigate the apoptotic markers. Decreased expression of Bcl-2 and Bcl-xL and increased expression of cleaved-caspase3 and Bax indicated the onset of apoptosis in TN-treated cells treatment. However, treatment of cells with both TN and NAC exhibited a reversed effect substantiating that importance of ROS generation in apoptotic induction ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}, [[Supplementary Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=258203.docx)]{.ul}). From the above findings, TN at a dose of 100nM was chosen for the subsequent assays. MTT assay and flow cytometry results shown that NAC pretreatment decreased growth inhibition and the population of apoptotic cells induced by TN ([Figure 3E](#F0003){ref-type="fig"}--[J](#F0003){ref-type="fig"}).Figure 3TN increases intracellular ROS production and induces apoptosis in osteosarcoma cells. (**A** and **B**) Cells were treated with various concentration of TN 10, 25, 50 and 100 nM alone or co-treated with NAC (500μM) for 48h. The Intracellular ROS levels were measured by DCFH-DA (10 μM) in both MG63 and U-2OS cells. The statistical difference \**P*\<0.05 or ^\#^*P*\<0.05 compared with control group. (**C** and **D**) Western blot analysis shows the expression level of anti- and pro-apoptotic protein Bax, cleaved caspase-3, Bcl-XL and Bcl-2 upon TN alone or co-treatment with NAC for 48h. β-Actin used as internal control. Data represent similar results from three independent experiments. (**E** and **F**) MTT assay shows the ROS-dependent cytotoxic effect of TN. (**G**--**J**) The flow cytometric analysis of ROS-dependent apoptosis induced by TN in both MG63 and U-2OS cells. The statistical difference \**P*\<0.05 compared with control group or ^\#^*P*\<0.05 compared with TN-alone-treated group.

TN Induced ER Stress-Apoptosis in Osteosarcoma Cells {#S0003-S2004}
----------------------------------------------------

As increased ROS generation could cause ER stress,[@CIT0023] we investigated the expression of proteins associated with UPR. Our data have shown that treatment of cells with TN, increased the expression of PERK, p-eIF2, GRP78, ATF4 and CHOP ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). Interestingly, the up-regulation of PERK, p-eIF2, GRP78, ATF4 and CHOP was attenuated by NAC pretreatment ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}, [[Supplementary Figure S2](https://www.dovepress.com/get_supplementary_file.php?f=258203.docx)]{.ul}). These findings substantiate that TN induced ER stress response in osteosarcoma cells. In fact, treatment of cells with TN in the presence of azoramide (Azo), a pharmacological inhibitor of ER stress response is shown to decrease growth inhibition and the population of apoptotic cells ([Figure 4C](#F0004){ref-type="fig"}--[H](#F0004){ref-type="fig"}). MTT assay and flow cytometry results shown that a decrease of growth inhibition and the population of apoptotic cells in TN-treated MG63 cells transfected with si-CHOP as compared to MG63 cells with TN treatment alone ([Figure 4I](#F0004){ref-type="fig"}--[K](#F0004){ref-type="fig"}). Again, Western blot analyses revealed a significant reduction in the expression cleaved-caspase3 and Bax with an inverse relationship in the expression of Bcl-2 and Bcl-xL in TN-treated MG63 cells transfected with si-CHOP as compared to MG63 cells with TN treatment alone ([Figure 4L](#F0004){ref-type="fig"}, [[Supplementary Figure S3](https://www.dovepress.com/get_supplementary_file.php?f=258203.docx)]{.ul}).Figure 4TN induces ROS-dependent ER stress and apoptotic cell death in osteosarcoma cells. (**A** and **B**) Western blot analysis shows the expression level of ER stress-related proteins PERK, p-eIF2, GRP78, ATF4 and CHOP in both MG63 and U-2OS cells upon treatment with TN alone or co-treated with NAC (500μM) for 48h. (**C** and **D**) MTT assay shows the cytotoxic effect of TN upon co-treatment with ER stress inhibitor azoramide (Azo). (**E**--**H**) Apoptosis induced by TN upon co-treatment with azoramide. MG63 cells transfected with CHOP siRNA and then were exposed to TN for 48 h. (**I**--**K**) Cell viability and apoptotic cells were determined by MTT assay or Annexin V/PI staining. (**L**) MG63 cells were transfected with CHPO siRNA and expression of ER stress and apoptosis proteins were determined by Western blotting. β-Actin used as internal control. Data represent similar results from three independent experiments. The statistical difference \**P*\<0.05 compared with control group or ^\#^*P*\<0.05 compared with TN-alone-treated group.

TN Activated the P38 and ERK MAPK Signaling Pathways {#S0003-S2005}
----------------------------------------------------

MAPK signaling plays an important role in cell proliferation and differentiation and dysregulation of this pathway has been reported in multiple cancer including osteosarcoma.[@CIT0024] Increased expression of phosphorylated p38 (p-p38) and ERK (p-ERK) as compared to p38 and ERK in TN-treated cells in addition to the decreased expression of p-JNK levels as shown in [Figure 5](#F0005){ref-type="fig"} clearly demonstrates the efficiency of TN in the activation of ERK-MAPK pathway.Figure 5TN dose-dependently activates p38 and ERK MAPK signaling pathway in osteosarcoma cells. (**A** and **B**) MG63 and U-2OS cells were treated with various concentration of 10, 25, 50 and 100 nM for 48h. Western blot analysis shows protein levels of p-JNK, p-p38 and p-ERK. (**C** and **D**) The relative protein expression of p-JNK, p-p38 and p-ERK were normalized by control group. Data represent similar results from three independent experiments. JNK, p38, ERK and β-Actin were used as internal control. The statistical difference *\*P*\<0.05 compared with control group.

TN Induced Cell ER Stress-Apoptosis via P38 and ERK MAPK Signaling Pathways {#S0003-S2006}
---------------------------------------------------------------------------

In order to substantiate the role of MAPK in the induction of cell apoptosis,[@CIT0025] we further treated the cells with TN alone and TN combined with MAPK pharmacological inhibitors (including ERK inhibitor PD98059, p38 inhibitor SB203580 and JNK inhibitor SP600125). We found that PD98059 as well as SB203580 but not SP600125 pretreatment significantly decreased the growth inhibition, the population of apoptotic cells ([Figure 6A](#F0006){ref-type="fig"}--[F](#F0006){ref-type="fig"}) and the expression of PERK, p-eIF2, GRP78, ATF4 in MG63 and U-2OS ([Figure 6G](#F0006){ref-type="fig"} and [H](#F0006){ref-type="fig"}, [[Supplementary Figure S4](https://www.dovepress.com/get_supplementary_file.php?f=258203.docx)]{.ul}). Again, si-p38 and si-ERK were used to further confirm the above results. Obviously, si-p38 and si-ERK cells treated with TN showed a significant reduction in the growth inhibition, the population of apoptotic cells ([Figure 6I](#F0006){ref-type="fig"}--[K](#F0006){ref-type="fig"}) and the expression of PERK, p-eIF2, GRP78, ATF4 and CHOP were also reduced as compared to non-targeting siRNA in MG63 ([Figure 6L](#F0006){ref-type="fig"}, [[Supplementary Figure S5](https://www.dovepress.com/get_supplementary_file.php?f=258203.docx)]{.ul}). These results demonstrated that TN induced cell apoptosis via p38 and ERK but not JNK MAPK signaling pathways.Figure 6TN induces cell ER stress-mediated apoptosis via p38 and ERK MAPK signaling pathways. MG63 and U-2OS cells were treated with TN alone (100nM) or co-treated with PD98059, SB203580 and SP600125 for 48h. (**A**--**F**) Cell viability and apoptotic cells were determined by MTT assay or Annexin V/PI staining. (**G** and **H**) Protein levels of PERK, p-eIF2, GRP78, ATF4 and CHOP were detected by Western blotting. MG63 cells transfected with siRNA against p38 or ERK and then exposed to TN. (**I**--**K**) Cell viability and apoptotic cells were determined by MTT assay or Annexin V/PI staining. (**L**) Protein levels of PERK, p-eIF2, GRP78, ATF4 and CHOP were detected by Western blotting. β-Actin were used as internal control. Data represent similar results from three independent experiments. The statistical difference \**P*\<0.05 compared with control group or ^\#^*P*\<0.05 compared with TN-alone-treated group.

Discussion {#S0004}
==========

Triptonide is a key bioactive small molecule identified in a traditional Chinese medicine named *Tripterygium wilfordii* has a similar molecule structure with triptolide.[@CIT0026],[@CIT0027] Triptonide is structurally similar to triptolide except at C14 which is a carbonyl group in triptonide and a hydroxyl group in triptolide.[@CIT0028],[@CIT0029] A research report has shown that triptonide exhibited a varying degree of cytotoxicity which means the IC~50~ values of triptonide were higher than triptolide in BGC823 and MCF-7 cell lines, but was lower in Hela, KB and HL60 cell lines.[@CIT0030] Studies suggest that TN acts as an anti-tumor agent in various solid cancer. Wang et al[@CIT0022] indicate that TN inhibits human nasopharyngeal carcinoma cell growth via disrupting Lnc-RNA THOR-IGF2BP1 signaling. Zhang et al[@CIT0011] imply that TN inhibits lung cancer cell tumorigenicity by selectively attenuating the Shh-Gli1 signaling pathway. Xiang et al[@CIT0031] prove that TN effectively suppresses gastric tumor growth and metastasis through inhibition of the oncogenic Notch1 and NF-κB signaling pathways. In this study, we attempted to explore the growth inhibitory effect of triptonide in osteosarcoma cells and found that triptonide at nano-scale concentration dramatically inhibited the growth in MG63 and U-2OS and also induced apoptosis in a dose-dependent manner. Western blot results indicated that TN effectively altered Bax/Bcl-2 ratio favoring apoptosis induction in U-2OS as evidenced by the increased expression of pro-apoptosis proteins Bax and cleaved-caspase3 and decreased expression of anti-apoptosis protein Bcl-2 and Bcl-XL.

Various anticancer agents have been shown to promote ROS generation in cancer cells.[@CIT0032],[@CIT0033] Study by Rajamanickam et al[@CIT0020] indicates that allylated curcumin analog CA6 directly binds to and inhibiting the activity of TrxR1 resulting in the increase of ROS. Others suggest that Chinese chemical like ginsenoside Rh4, Luteolin may disturb the mitochondria function to promote the production of ROS.[@CIT0034],[@CIT0035] In line with these findings, the present study also revealed the increased ROS accumulation in MG63 and U-2OS cells treated with TN which was shown to be reversed by the ROS scavenger NAC. However, it needs to further identify the underline mechanism. Another interesting finding of the current study is that TN failed to induce apoptosis by NAC pretreatment as evidenced by the annexin V assay, which in turn substantiate that TN induced ROS-mediated apoptosis in osteosarcoma cells.

Oxidative stress as a result of ROS imbalance has been shown to induce ER stress and as a consequence of ER an adaptive mechanism named unfolded protein response is activated in order to bring ER homeostasis.[@CIT0036],[@CIT0037] Glucose regulated protein 78 (GRP78) a chief sensor of ER stress activates UPR resulting in upregulation of PERK following phosphorylating eukaryotic initiation factor-2α (eIF2α) and increasing translation of ATF4. With the upregulation of chaperone proteins such as GRP78, ATF4 increased the pro-apoptotic transcriptional regulator CHOP.[@CIT0038] As a transcription factor CHOP plays a key role in ER stress-mediated apoptosis and has been suggested as a marker of ER stress-induced apoptosis.[@CIT0038] Upregulation of PERK, p-eIF2, GRP78, ATF4 and CHOP in TN-treated cells clearly indicated that TN elicits oxidative driven ER stress-mediated apoptosis. These findings were further confirmed when si-CHOP and ER stress response pharmacological inhibitors azoramide abolish apoptotic effect of TN.

Mitogen-activated protein kinases (MAPKs) are a complex interconnected signaling cascade that includes ERK, p38, and JNK MAPK subfamilies, which are crucial regulators of cellular physiology and their frequent involvement in oncogenesis, tumor progression, and drug resistance has also been widely reported and these members of MAPK cascade remain an important target for anti-tumor agents.[@CIT0024] Studies have also shown that activation of MAPK signaling pathways result in cell apoptosis.[@CIT0025] An existence of cross talk has also been demonstrated between MAPK signaling and ER stress[@CIT0023],[@CIT0039] and activation of MAPK could result in up-regulation of CHOP and cell apoptosis.[@CIT0040] Herein we reported that TN-treated cells showed an increased phosphorylation of ERK and p38, but not JNK, reflecting the activation of ERK and p38 MAKP pathway. Further we found that the p38 inhibitor SB203580 and ERK inhibitor PD98059 but not the JNK inhibitor SP600125 decreased the expression of PERK, p-EIF2, GRP78, ATF4 and CHOP which is accompanied by decreased in apoptotic cells with SB203580 and PD98059 but not with SP600125 pretreatment. Knock-down of p38 and ERK by transfecting si-p38 and si-ERK plasmid also shown the similar results as cells pre-treated with SB203580 and PD98059. These data indicated that TN induces p38 and ERK MAPK signaling pathways to promote ER stress induced-apoptosis.

In summary, the outcome of the present study clearly depicts that TN treatment causes excess intracellular ROS accumulation and inhibits the growth of OS cells. The excess ROS production and oxidative stress cause ER stress-mediated apoptosis via induction of p38 and ERK MAPK signaling pathway. TN acts as a potential anti-tumor agent which could be considered for further investigations to implement in clinical use in near future.
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